Clarifying factors affecting forest area changes is critical to implementing REDD+ scheme properly. We analyzed some socio-economic factors and clarified their relationships with deforestation in Cambodia for the period of 2002 to 2010. A panel data analysis was conducted for 18 provinces, while six other provinces were deleted from the list because only a small amount of their land was forested. Time effects, cross-sectional dependence, serial correlation in idiosyncratic errors, and heteroskedasticity were tested, and robust variance matrix estimations were obtained to solve the problems of heteroskedasticity and serial correlation. The model estimation results showed that population, gross agricultural production and large-scale plantation development have negative impacts on forest area changes. On the other hand, the impacts of rice cultivation, gross industrial production, household income and house floor area by household were found not to be significant. Overall, however, the results indicated that forests in Cambodia still face pressure from the increases in population, agriculture production, and the enlargement of land development. As the increase in productivity of agriculture gives a better use of current agricultural land and lessens the pressure on forest, intensifying agriculture is important. It is also important to develop industry and other economic ventures to grow national economy while not imposing pressure on forest. This research reminds decision makers to use discretion when developing large-scale plantations.
implementation of the REDD scheme, and it entered the stage of implementation of the UN-REDD Programme in August 2011 (UN-REDD Programme [UN-REDD] , 2011). In the National Programme Document of the UN-REDD Programme for Cambodia, direct and indirect factors both within the forest sector and outside of the forest sector for deforestation and forest degradation are summarized (Cambodia, Food and Agriculture Organization of the United Nations [FAO] , United Nations Development Programme [UNDP] , & United Nations Environment Programme [UNEP], 2010) . Within the forest sector, direct factors include unsustainable logging, fire (Note 1) and unsustainable wood fuel collection, while indirect factors include slow speed of permanent forest demarcation activity, an inadequate enforcement of forest laws, a demand for wood energy, etc. Outside of the forest sector, direct factors include the clearance of land for agriculture, the expansion of settlements, and the development of infrastructure, while the indirect factors include population increases, poverty, increasing incomes, demands for resources, low agricultural yields, large-scale agro-industrial developments, etc.
Apart from the above-mentioned document, some other studies describe Cambodia forest resources and forest management. Wolf (1996) noted that logging for the export market is the primary cause of deforestation in Cambodia. Additionally, from the perspective of trade, Lang and Chan (2005) analyzed, in their working report series, the impact of China's demand for forest products on Southeast Asian countries including Cambodia after China's logging ban in 1998. Kim-Phat, Ouk, Uozumi and Ueki (1999) may have been the first to examine the causes of deforestation in Cambodia from a wider view in which the impacts of war, population growth and illegal logging were analyzed. Kim, PHAT, Koike and Hayashi (2005) further analyzed the forestry development in six different political regimes in Cambodia, i.e., before 1970 Cambodia, i.e., before , 1970 Cambodia, i.e., before to 1975 Cambodia, i.e., before , 1975 Cambodia, i.e., before to 1979 Cambodia, i.e., before , 1979 Cambodia, i.e., before to 1989 Cambodia, i.e., before , 1989 Cambodia, i.e., before to 1993 Cambodia, i.e., before and 1993 to present. They concluded that deforestation in Cambodia was caused by "intensive bombardments during war time, forest clearing for resettlements, wood extraction for re-construction after war, agricultural cultivation, and indiscriminate logging in recent years". De Lopez (2001) analyzed the deforestation in Cambodia using a stakeholder management approach and concluded that several primary stakeholders have been ignored, including local communities, the Royal Cambodian Armed Forces, the Ministry of Environment and Cambodia's neighbors. He further argued that the deforestation would not stop without a comprehensive stakeholder management framework. Kao, Iida, Inoue and Ohga (2005) , using a forest concession company as an example, assessed the management of this company based on criteria and indicators of the Montreal Process and concluded that the management situation is still challenging. Poffenberger (2009) discussed the implementation of a pilot REDD project and factors of deforestation and forest degradation in Cambodia and noted that a large-scale land development program might frustrate the Forestry Administration's efforts to achieve the national target of retaining forest cover at 60% in year 2015. He also noted the importance of the engagement of forest-dependent people to control local factors in the REDD project. Recently, not only deforestation but also forest biomass and the carbon stock have become topics of research as the technologies of monitoring and remote sensing progress (Top, Mizoue, & Kai, 2004; Sasaki, 2006; Kiyono et al., 2011; Toriyama et al., 2011) .
Although many studies have analyzed the socio-economic factors related to deforestation that are important for implementing REDD+, analyses for quantitatively verifying these qualitative analysis results for Cambodia are scarce (Note 2). Dasgupta, Meisner and Wheeler (2005) analyzed the nexus between poverty and environment to the cases of Cambodia, Lao PDR, and Vietnam at the provincial and district levels using a regression analysis of deforestation and other environmental problems with population and poverty population. Top et al. (2009) analyzed the biodiversity issue in Kampong Thom Province, Cambodia, and found significant negative correlations between population density surrounding clusters and tree density, basal area, stand volume, aboveground biomass, and species richness and diversity. Shigeyama, Mizoue, Kajisa and Yoshida (2011) analyzed the four factors affecting deforestation in Cambodia, which include the distance from roadways, altitude, the distance from a community forest and the distance from the country border, by using a forest cover maps with a logistic regression approach, and they found that various factors played different roles during different periods (1992 to 1996, 1996 to 2002 and 2002 to 2005) . In this research, the deforestation was analyzed from the perspective of geographical and spatial relationships, but socio-economic factors were not considered. The reasons for fewer quantitative analyses for Cambodia may include the short history of peaceful political regime (the civil war ended in 1998) combined with the problem of data comparability and availability. The objective of this research was to clarify the affecting factors or factors of deforestation in Cambodia by adopting an econometric approach. We undertook a panel data analysis of the forest area changes in Cambodia on a provincial level for the period 2002 to 2010.
In Section 2, we will provide a qualitative review of the factors of deforestation. In Section 3, the data, methods and empirical model for the econometric analysis will be discussed. Section 4 will implement a panel data Vol. 6, No. 5; Development Bank (ADB), the United Nations Child's Fund (UNICEF), the International Labor Organization (ILO), the Sweden International Development Cooperation Agency (SIDA), the United Nation Population Fund (UNFPA), and the Japan International Cooperation Agency (JICA), Cambodia has made great progress in the field of statistics. Even so, it is too difficult to gather data suitable for reliable quantitative analysis for some of the factors previously described. Therefore, in addition to total forest area, which is the dependent variable, seven independent variables are considered in our econometric analysis. These independent variables include agricultural GVA (gross value added, million Riels), industrial GVA (million Riels), household income (million Riels), house floor area by household (m 2 ), total population (1,000 persons), rice cultivation area (ha) and large-scale plantation development (mainly economic land concession, or ELC). All of the variables expressed in Riels are deflated by the GDP deflator and were changed to a constant value in 2000 (World Bank, 2012).
As previously stated, considering the data comparability, 2002 to 2010 serves as the period of analysis. However, this period is too short for an annual time-series analysis to get statistically significant estimations. We gather panel data at the provincial level and adopt a panel data analysis for our study. The Forestry Administration ( Viewing the left side of the cause map (Figure 2 ), we understand that the economic development and the development of agriculture and industry are important for the entire society including the forest sector. Therefore, we discuss this issue first. Usually, the gross domestic product (GDP) reflects the size of the economy in a country expressed in the market value of the products in agriculture, industry, service, and others. When dealing with regions, such as provinces in a country, the GDP is sometimes referred to as the gross regional product, GRP (Viet, 2010) . In Cambodia, however, neither the provincial GDP nor the provincial GRP is calculated, but rather, the provincial GVA (gross value added) is calculated. Oeur and Yim (2009) explained that, in Cambodia, the production approach and expenditure approach are used to calculate the GDP. In the former approach, the GDP is the sum of the gross value added (GVA) of the agriculture sector, industry sector, services sector, and tax on production less the subsidies and the FISIM (Financial Intermediation Services Indirectly Measured). In this research, two variables, agricultural GVA (million Riels) and industrial GVA (million Riels), are considered in the model to examine the impacts of the development of agriculture and industry on forest resources. The data are sourced from the NIS, the National Institute of Statistics of Cambodia.
The second factor is disposable income or GDP per capita, from the perspective of the demand by consumer. In Cambodia, there is no statistical annual income data by household or per capita or GDP per capita at the provincial level. As a proxy, we use household data obtained from the Socio-Economic Survey. The Socio-Economic Survey had been conducted in 1993-94, 1996, 1997, 1999, 2004 , and every year since 2007. In Cambodia, most households have income from self-employment, as many of the households are involved in small-scale business and agriculture. As a result, the quality of the income data makes it difficult to be precise. Therefore, we add household income as an independent variable in an effort to capture the general situation. Another variable, floor area of house by household, was also sourced from the Socio-Economic Survey. As shown in the cause map in section 2, timber is consumed in countryside houses; therefore, we consider that the demand for timber in the construction industry may be a factor in the deforestation of the area. We verify this hypothesis herein. Still, as it is difficult to find suitable data for the construction industry, we take the average square meters of floor area of the house per household as a proxy for the development of the construction industry. For model estimations, we need the annual provincial data from 2002, 2006 and 2010. Therefore, we calculate the household income and average squared meters of floor area per household using an interpolation approach based on the Socio-Economic Survey data from NIS and assuming that the population changes smoothly.
Population is a factor that is considered in most socio-economic analysises (Michinaka & Miyamoto, 2013) . We use the total population, which represents the size or magnitude of the population. The rural population is not included in the model estimation because it has a high correlation with the total population for the 18 provinces used in our study. The correlation coefficient between these two variables is 0.980 (Pearson's correlation). The General Population Census of Cambodia was administered in 1998, which is more than three decades after the last census in 1962. The 1998 census provides a detailed population dataset. Since 1998, two additional Next, the area of cultivated rice (ha) is added to the analysis. Rice is the most important agricultural product in Cambodia. With the increase in population, the demand for agricultural products also increases. Therefore, the pressure due to the population increases may also cause an increase in the area used for rice cultivation. The rice cultivation area increased from 2.2 million ha in 2002 to 2.8 million ha in 2010 (MAFF, 2011) . The area of land used for rice cultivation is added into the model estimation because we believe that it may be one of the factors in the deforestation from the view of the land use. The rice cultivated area data are sourced from the MAFF annual reports.
The last variable, large-scale plantation development is a dummy variable in the estimation. The objectives of the large-scale plantation development are mainly to develop intensive agricultural and industrial-agricultural activities, to develop the land in an appropriate and perpetual manner, to increase employment and to generate state, provincial, or communal revenues (MAFF, 2012) . However, these objectives may not be easy to fulfill (Kao et al., 2005) . Based on the MAFF website profile of ELC companies, we summarized some basic facts about the implementation of large-scale plantation development in each province. As a dummy variable, it takes one as its value when large-scale plantation development is implemented in the province during that year; otherwise, it takes zero as its value. In this way, the impact of large-scale plantation development can be analyzed.
Method
In this research, a panel data analysis is applied to estimate the impacts of scoio-economic factors on forest area changes because, first of all, panel data analysis overcomes the difficulties of data availability faced by time series data analysis. The panel data, or longitudinal data, comprise a dataset based on observations of the same individuals over multiple periods; thus, it is wider than time-series data and longer than cross-sectional data.
Here, a panel dataset is composed of 18 provinces at three time points, totally 54 observations. Panel data analyses are increasingly used by applied researchers for the analysis of multiple country factors, particularly with respect to deforestation (Barbier & Burgess, 2001; Nguyen Van & Azomahou, 2007; Michinaka & Miyamoto, 2013) . Hsiao (2003) describes the advantages of panel data analysis, positing that (a) it can solve problems that cannot be solved by either time-series data or cross-sectional data alone; (b) it can increase the degrees of freedom and (c) it can improve the efficiency of estimations. Greene (2000) argues that panel data analysis allows the researcher far greater flexibility in modeling differences in behavior across individuals.
The basic linear regression model for panel data analysis usually takes the following forms (Croissant & Millo, 2008) :
where i = 1, …, N is the individual (firm, province, country, etc.) index, and t = 1, …, T is the time index. In Formula 1, u it is a disturbance term. In Formula 2, the disturbance term is expressed by three components: μ i represents unobserved cross-sectional (individual) effects for N cross sections, λ t represents unobserved time effects for T time periods, and ε it represents random or idiosyncratic disturbances; α it becomes α, forming part of the intercept, while the rest of the intercept is derived from error components depending on their algorithm. In other words, individual effects and time effects can be reflected in the final model. In this research, for example, individual effects may result from the land area of the province, the distance to the national border, or the distance to Phnom Penh, the capital of Cambodia. While these factors may impose different impacts on different provinces, they do not change over time. There are seven factors discussed in the research, while other factors, including the land area, the distances to national borders and the capital, are treated as unobserved factors, and their impacts, if any, are included in the error components. As these factors do not change over time for an individual (province), they are considered individual effects. On the other hand, time effects allow researchers to control for aggregate common shocks that occurred at some point in time, and though there may be different impacts during different years, the factors remain the same for all the individuals (provinces), as they do not change with the cross-sectional dimension. For example, all the provinces simultaneously face the same international environment, such as the global economic crisis, and the same domestic environment, such as changes in national policy. These factors differentiate one year from another.
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Journal of Sustainable Development Vol. 6, No. 5; A number of assumptions are usually made with respect to panel data models. By assuming parameter homogeneity, i.e., no individual or time effects, the intercept α and slope parameter β remain constant for all i and t, and the disturbance term u it is treated as random with mean 0. Thus, the above model would be a pooled or pooling OLS model. There are two basic frameworks used to generalize panel data model when the above assumption is rejected. The fixed effects approach (FE) assumes different intercepts, i.e., recognizing the presence of individual effects, α i , but the same slope, β, across cross-sectional unit i. In a one-way FE model, only one type of effect, either individual effects or time effects, is included, even though time effects are usually not discussed. As for the pooled OLS model, the FE model is also estimated by an ordinary least square regression (OLS). Because the individual effects and/or time effects are captured in the model as dummy variables, with one dummy variable for each individual or period in the model, the FE model is also called the least squares with dummy variables (LSDV), or within-group estimator. Of course, in this way, the degree of freedom is greatly lessened compared with the following approach when N is large.
As an alternative, the random effects approach (RE) assumes that the individual-specific and time-specific component error terms (μ i and λ t , respectively) and the overall error u it are random variables drawn from a normal distribution and are independently and identically distributed, with the assumption that these error components are uncorrelated with the explanatory variables. The FE model, in contrast, assumes the individual effects are correlated with the independent variables. The RE model is estimated using a generalized least square estimate (GLS). The Hausman test statistic and the p-values for the difference between FE and RE estimates are calculated in this research.
In the presence of heteroskedasticity and serial correlation, robust estimations of the error covariance matrix are necessary. In this research, not only are the robust estimations applying to the FE and RE models introduced, but the robust estimation for the general feasible-generalized least square estimate (FGLS) model is also introduced. The general FGLS model is estimated using a two-step estimation process. First, an OLS or FE model is estimated, and then its residuals are used to estimate an error covariance matrix using an FGLS analysis (Wooldridge, 2002; Croissant & Millo, 2008) .
Tests and Model Results
A panel data analysis allows for the estimation of three types of models, the pooled OLS model, the FE model and the RE model. To determine the preferred model, the F-test and the Hausman test, which test parameter heterogeneity and the correlation relationship between individual effects and the independent variables, should be administered. In this research, a series of tests and robust error covariance estimations are conducted. R Packages were used in the analysis (R Core Team, 2012; plm (Croissant & Millo, 2008) , sandwich (Zeileis, 2004) , and lmtest (Zeileis & Hothorn, 2002) ).
Test Results
In this research, before obtaining final panel data model estimations, we conduct a series of tests that assess not only parameter heterogeneity and the correlation as stated above but also the time (fixed) effects, cross-sectional dependence or contemporaneous correlation, serial correlation and heteroskedasticity.
The test results are shown in Table 1 . First, for testing parameter heterogeneity, an F-test for individual effects based on variance analysis is conducted with an alternative hypothesis of significant effects. The large F-test statistics suggest that the individual effects are significant; thus, the FE model is better than the pooled OLS model.
The second test is the Hausman test, which compares the FE model with the RE model (Hausman, 1978) . As stated herein, the individual effects (including time effects) can be treated as a fixed but unknown constant differing among individuals, or they can be treated as random effects assuming that they are drawn from an idd distribution. The Hausman test examines the difference between the two estimators in the above treatments. If the RE model specification is correct, the two estimates should be near each other rather than far apart. The Hausman test set the null hypothesis as the RE model, which is correct. The alternative hypothesis is the presence of the correlation between the individual effects and the independent variables, i.e., not a random relationship. The result shows that the p-value is very small, thus indicating that the FE model is preferred over the RE model.
The third diagnostic tool is the Breusch-Pagan Lagrange multiplier test (Breusch & Pagan, 1980) , which is used to compare the RE model with the pooled OLS model. The Breusch-Pagan statistic is a Chi-squared (χ 2 ) Lagrange multiplier statistic. The result shows that significant panel effects are detected, implying that the RE www.ccsenet.org/jsd Journal of Sustainable Development Vol. 6, No. 5; model is better than the pooled OLS model, i.e., the GLS estimation should be used in place of the OLS. For this research, the FE model is the best among the three models when considering the individual effects. The fourth test is for time effects. For the FE (fixed effects) model, time (fixed) effects are usually ignored because the individual (cross-sectional) effects explain a large part of the variances. If two effects are considered together, there will be more dummy variables, thus further lessening the degree of freedom. In this research, time effects are calculated by the F-test and the Breusch-Pagan Lagrange multiplier test (Breusch & Pagan, 1980) . The results of both tests indicate that the effects are not significant. This may be due to the data structure, which includes 18 provinces and 3 time points, which is short and wide. Therefore, it is not necessary to add time effects into the model estimation in the following analysis.
Next, we test for cross-sectional dependence or contemporaneous correlation. Cross-sectional dependence can arise due to spatial or spill-over effects, or it may be due to unobserved or unobservable factors (Baltagi & Pesaran, 2007) . As a result, cross-sectional dependence can lead to bias in tests results. The null hypothesis in the Pesaran CD test of independence concludes that residuals across individuals are not correlated (Pesaran, 2004) . The test is conducted for both the FE model and the RE model, and the results indicate that there is no cross-sectional dependence. Therefore, it is not necessary to perform corrections for cross-sectional dependence.
Serial correlation in errors or disturbances across periods is also tested for both the FE model and the RE model. No serial correlation is an important assumption for classical multiple linear regression estimations. Serial non-correlation does not imply that observations y i and y j are uncorrelated but implies that deviations of observations from their expected values are uncorrelated (Greene, 2000) . Greene (2000) describes the assumptions concerning the variance and covariance of the disturbance in the following formulas: 
In the former equation, the constant variance is defined as homoskedasticity; in the latter equation, the non-correlatedness across observations is identified as non-autocorrelation or serial non-correlation. A first-order serial correlation process can be written as ε t = ρε t-1 + v t , where rho (ρ) is the correlation coefficient between the two errors. Serial correlation may result from misspecification, such as due to the omitted variable. Therefore, efforts are made to add possible variables to avoid misspecification in this research. Apart from misspecification, serial correlation may result from the variables that are serial-correlated across observations. If errors or residuals suffer from serial correlation or autocorrelation, the estimations are not necessarily biased, but the statistical inference results are incorrect. Serial correlation is detected in this research using the Breusch-Godfrey/Wooldridge test (Breusch, 1978; Godfrey, 1978; Wooldridge, 2002) . For the fixed effects model, the null hypothesis of no serial correlation is rejected at the 1% level, while the null hypothesis for the random effects model is rejected at the 10% level but not rejected at the 5% level. Therefore, computing the robust variance matrix for the estimators becomes necessary.
The last test is for heteroskedasticity. When the assumption of homoskedasticity is not met, errors are heteroskedastic. Breusch and Pagan (1979) noted that in the presence of heteroskedastic disturbances, the loss in efficiency may be substantial, the estimated standard errors are biased, and inference may be invalid. Therefore, computing the robust variance matrix for the estimators becomes necessary, as in the situation of serial correlation. In this research, heteroskedasticity is tested using the Studentized Breusch-Pagan test (Breusch & Pagan, 1979) . Breusch and Pagan (1979) devised the hypothesis on variance that σ 2 t = h(z′ t α), where z t is a vector of independent variables and α is a vector of unrestricted parameters functionally uncorrelated to the β coefficients; if α = 0, the model is homoskedastic. A Lagrangian multiplier statistic for α = 0 was described. The above test results are displayed in Table 1 .
Model Results
As stated in the previous section, in the presence of a serial correlation of errors and heteroskedasticity in the model, robust covariance matrix estimation should be conducted to obtain a valid statistical inference. Wooldridge (2002) argues that nothing will be lost in using robust standard errors and test statistics even if the classical assumption holds. Here, this method is used to devise estimators for the appropriate asymptotic covariance matrix and to obtain consistent estimations. Croissant and Millo (2008) note that in the context of panel data, the most general version also proves consistent against serial correlation and not only under heteroskedasticity. For the FE model in this research, the "arellano" method is used, and consistent estimations are obtained versus both heteroskedasticity and serial correlation (Croissant & Millo, 2008; Arellano, 1987) . Apart from the FE and RE models, a general feasible generalized least square (general FGLS) approach is also introduced to address the situation in which the idiosyncratic errors are generally heteroskedastic and serially correlated across t. Because serial correlation is also detected in the FE model, the general FGLS is undertaken by adopting the FE estimations in the first step. In the second step, the residuals of the FE estimations are used to estimate an error covariance matrix by a general FGLS analysis (Wooldridge, 2002) . The estimation results are shown in Table 2 . Note: (1) *** : significant at 1% level; ** : significant at 5% level; * : significant at 10% level.
(2) All the variables in Riel are using constant values based on the GDP deflator from the World Bank (2012).
www.ccsenet.org/jsd These models show similar results. First, population, agricultural gross value added (GVA) and the dummy variable large-scale plantation development all have significant coefficients. The evidence shows that the increase in population and agricultural production yields negative impacts on the changes in the forest area in Cambodia, and the link between large-scale plantation development and decreases in forest area has been clarified. The rice cultivation area, the industrial GVA and the house floor area per household (a proxy for construction industry) do not have significant effects on deforestation. According to the parameter values, an increase of every 1,000 persons may cause a forest area decrease of approximately 300 ha. Increases in agricultural production by a million Riel result in a 0.10 ha decrease in forest area. The results of the dummy variable indicate that the forest area decreased by 21,000 ha to 22,400 ha between 2002 and 2010 in a province that implemented large-scale plantation development compared with a province that did not implement the development. As for the income, general FGLS estimations yielded a different result than the other two estimations in which the coefficient is significant. This result implies that the increase in income may put pressure on the changes in forest area or impose negative impacts.
Akaike information criterion (AIC) and Schwarz criterion (SC or BIC) are used to measure the goodness of fit for models. For AIC or SC values, the smallest one gives the best goodness of fit. AIC and SC values can be calculated by (Greene, 2000) :
Where RSS is the sum of squared residuals, n is the number of observations, and K is the number of parameters. By checking these two criteria results as shown in Table 2 , fixed effects model is the best, General FGLS model is the next, while random effects model is the last. The result in FE model shows that the household income is not significant.
Discussion and Conclusions
Population is an important factor with respect to its effect on the changes in forest area in Cambodia. As shown in the cause map in Section 2.2, as the total population increases, the demands for land, agricultural products, timber products and new job opportunities also increase. Low agricultural productivity leads more people to focus on agriculture, and the increase in agricultural production relies on the extension of agricultural land areas. This observation explains the significant impacts of agriculture production on forest area changes. However, the evidence does not show much impact of rice cultivation area on forest area changes as expected. First, it means the conversion of forestland is small for rice cultivation and large for the cultivation of other crops, such as rubber, cassava, sugar cane, etc. Second, in the past decade, rice production by volume in Cambodia has increased faster than the rice cultivation area, indicating that rice productivity has been increasing. Average yield per hectare of paddy rice increased from 1.9 ton in 2002 to 3.0 ton in 2010 (NIS, 2012a). When rice productivity increases, the pressure from rice production on the forest is reduced.
Since 1993, when the general election was held under the guidance of the United Nations Transitional Authority in Cambodia (UN-TAC), Cambodia embraced the rapid development of society and the economy. Entering the 2000s, Cambodia became one of the countries with the fastest economic growth in the world. From 2002 to 2007, the average annual growth rate was over 10% (at constant value), although it was less than 7% in 2008 due to the global financial crisis (NIS, 2012b). The increase in household income results in an increase in various demands. Because annual provincial per capita income data are not available, income per household is used. But the data for household income are also difficult to accurately assess considering the large number of people living in rural areas who receive income from many aspects. Additionally, the size of the household has also changed from 1998 to 2008. The census data show that the average household size has decreased from 5.2 to 4.7. Specifically, for urban areas, the average household size has decreased from 5.5 to 4.9, while for rural areas, this value has decreased from 5.1 to 4.6 (NIS, 2009). Therefore, the household income data might not reflect the real level of per capita GDP or disposable income due to the issue of data accuracy and changes in the size of household. The increase in per capita income might not be well reflected by household income. AIC and SC results show that the FE model is the best in three models and in the FE model, the household income is not significant, which is not a result as expected.
By verifying the impacts of population and agricultural production, it seems difficult to stop deforestation immediately, as each of the aforementioned factors continues to increase. If the productivity of agricultural production can be further increased, the pressure on the forest from these factors can be alleviated. Furthermore, the contents of agriculture production must be examined to determine if there are ways to intensify agriculture other than by relying on the conversion of land use, which results in deforestation.
Industrial gross value added (GVA) and house floor area per household do not significantly affect changes in forest area. This result suggests that it is important to develop the manufacturing and processing industries and other industries while intensifying agriculture. The United Nations Development Programme (UNDP) has issued the annual human development index (HDI) since 1990. According to the report, the HDI for Cambodia in 2011 was 0.523, an increase from 0.494 in 2010. However, the HDI is still very low in comparison to those of other countries (UNDP, 2012) . From a global perspective, the impact of the socio-economic factors of a country may begin to change from negative to positive as the country's HDI increases (Michinaka & Miyamoto, 2013) . Therefore, for Cambodia, these negative signs may be expected to shift and become positive as the society and economy continue to advance to a higher level.
Overall, the results indicated that forests in Cambodia still face pressure from the increases in population and agriculture production in which the enlargement of land development is still important. Intensifying agriculture helps to increase the productivity of agriculture and gives a better use of current agricultural land, therefore, lessens the pressure on forest. It is also important to develop industry and other economic ventures to grow national economy while not imposing pressure on forest. The last factor in the analysis, large-scale plantation development, may be good for a growing economy with respect to income growth and employment, but it must be properly implemented.
This research analyzed the affecting factors for deforestation in Cambodia by adopting panel data analysis. Due to data availability, there are some factors discussed in literature review and cause map, such as stakeholders, exports, road construction, poverty, migration, and employment in different industries, whose relationships with deforestation have not been clarified quantitatively; when data availability get improved, it is worth implementing further research.
